Apoptosis also exerts a homeostatic function in relation to tissue dynamics, since the steady state of continu- 
mucosa, and ovaries (7, 8) . Electron microscopic fea- lutions, and the explosion of the cell into cytoplasmic
Conclusions: Age increases apoptotic changes in granulosa
fragments containing condensed chromatin (9) .
cells and consequently decreases the ovarian fecundity.
In mammals, the growth and development of ovarian KEY WORDS: Aging; apoptosis; granulosa cells; in vitro fertilizafollicles continue uninterruptedly throughout female tion; oocyte quality.
reproductive life. However, more than 99.9% of follicles undergo the degenerative changes known as atre-INTRODUCTION sia at varying stages of follicle development (10). Recent studies have been suggested that apoptosis is Cell death by apoptosis mediates several important the underlying mechanism of ovarian follicle degenerphysiological and pathological processes and appears ation during atresia (11) . Apoptosis in the ovary disto be intrinsically programmed. Apoptosis is a selecplays a morphological spectrum similar to that in tive process of physiological cell deletion (1,2), and somatic organs including but not confined to the liver, it plays a major role in the control of the shape and uterine endometrium, prostate, and adrenal cortex (9). Palumbo and Yeh (8) showed that apoptosis in the rat ovary is associated with atretic follicles and that cells Patients underwent a standard protocol of controlled in granulosa cells derived from follicular aspirations during conventional IVF procedures may be used as ovarian hyperstimulation for IVF by using a gonadotropin-releasing hormone (GnRH) analogue, buserelin a predictor of IVF-ET outcome. They found that the incidence of apoptotic granulosa cells is a very sensiacetate (Suprecur nasal; Hoechst, Tokyo, Japan), in a long suppression protocol starting from midluteal tive indicator to detect oocyte quality and consequently the fecundity on a per follicle and per patient bases.
phase (16). Human menopausal gonadotropin (hMG) (150 to 300 IU/d, Humegon; Sankyo, Tokyo, Japan), On the basis of these investigations, the incidence of apoptotic cells in membrana granulosa was used to with or without FSH (Fertinum P; Serono, Tokyo, Japan), was started on day 3 of the menstrual cycle. examine ovarian function in an IVF program.
Aged women have been shown to have lower fecunHuman chorionic gonadotropin (hCG) (10,000 IU; Mochida, Tokyo Japan) was administered when multidity in many studies that pointed out that the poor quality of oocytes is one of the major determinants ple follicular maturation was achieved. Thirty-four to thirty-six hours after the administration of hCG, folli-(19-22). However, there is little information about effects of age on ovarian fecundity assessed by checkcles were aspirated by transvaginal ultrasound retrieval (6.5 MHz; Mochida). All follicles with a mean diameing the incidence of apoptotic granulosa cells during IVF treatment.
ter of Ͼ11 mm were aspirated using a 20-ml syringe for suction. The aim of the present study was to investigate the effects of aging on the incidence of apoptosis in granulosa cells of normo-ovulatory women in different Cell Fixation and Quantification of Apoptotic age groups undergoing follicular aspiration after ovarCells ian hyperstimulation in an IVF program due to male infertility in their husbands' history. We also examined Aspirated follicular fluid (FF) was transferred into culture dishes (Falcon 3002; Becton Dickinson and the number of oocytes retrieved, the number of mature oocytes, endometrial thickness, and the follicular fluid Company, Lincoln Park, NJ). Oocyte-cumulus cell complexes were isolated under a dissecting microscope hormones among different age groups.
(SZH-ILLB; Olympus, Tokyo, Japan) at the magnifications of ϫ 10 to ϫ 20 and were put into an organ tissue culture dish (Falcon 3037; Becton Dickinson and
MATERIALS AND METHODS
Company) with human tubal fluid (HTF) medium (23) .
The oocyte-cumulus cell complexes were classified Patient Selection and Follicle Aspiration into two groups: complexes with a large, loose cumulus and distinct corona radiata, which were judged as Between March and July 1998, a total of 28 IVF cycles were analyzed at Yamagata University Hospital, mature, and complexes with a small, dense cumulus and opaque corona radiata, which were defined as Yamagata, Japan. The women with a normal menstrual cycle assigned for IVF program ranged in age from immature (24) . The mural granulosa cell masses were picked out from the FF, and the mural granulosa cell 26 to 43 years. The hormone levels of gonadotropin, follicle-stimulating hormone (FSH), and luteinizing masses were transferred into a different culture dish to be washed. The mural granulosa cells were then hormone (LH) of the women in the present study were in normal range. The women were divided into four placed on a glass slide, and hyaluronidase (Sigma, St. Louis, MO) (0.1% wt/vol) in HTF medium was added groups by their age (A: Յ31, n ϭ 7; B: 32-35, n ϭ 7; C: 36-39, n ϭ 7; D: Ն40 years, n ϭ 7). Patients to the cell masses (0.05% wt/vol of final concentration). The cell masses were dispersed thoroughly in with endometriosis, uncollected tubal disease, and/or 5 min by a fine Pasteur pipette and fixed with 4% immunoassays: E 2 by time-resolved fluoroimmunoassay (DELFIA Estradiol; Pharmacia, Tokyo, Japan); wt/vol of neutral buffered formalin for 15 min. This process was completed within 1 hr after follicle aspira-P and free T by radioimmunoassay (RIA) (DPC Progesterone Kit and DPC Free Testosterone Kit; DPC tion to avoid postaspiration cell death. After fixation, the slides were washed by phosphate-buffered saline Corporation, Tokyo, Japan). Reliability criteria for all assays were established. The interassay coefficient of three times and the nuclei of cells were stained with 0.5 g/ml of Hoechst 33258 (fluorescent dye; Wako, variation was 3.3% for E 2 , 7.9% for P, and 10.8% for free T. The interassay coefficient of variation was 5.2% Osaka, Japan) with 5% wt/vol of DABCO (1,4-diazabicyclo-2,2,2-octane, Sigma) in 90% glycerol: 10% 0.2 for E 2 , 7.2% for P, and Ͻ13% for free T. Hormones were assayed in duplicate within the same assay. The MNa 2 HPO 3 . The DABCO blocked the bleaching effect of fluorescence and allowed the slides to be rechecked sensitivities of the assays were as follows: E 2 , 13.6 pg/ml (conversion factor to SI unit, 3.671); P, 0.05 ng/ within a few weeks. We used a fluorescence microscope to observe apoptotic cells, which were revealed ml (conversion factor to SI unit, 3.180); and free T, 0.24 pg/ml (conversion factor to SI unit, 3.467). as the granulosa cells containing fragments of condensed chromatin or the cytoplasmic fragments containing condensed chromatin. The apoptotic cells were Statistical Analysis identified and counted among 1000 granulosa cells at random at ϫ 400 magnification.
The data are expressed as mean Ϯ SEM. For statistiOn the day of the administration of hCG, the endocal comparison between groups, the Kruskal-Wallis metrial thickness and the maximal follicle diameter test, analysis of variance (ANOVA), and the Fisher of each patient had been measured by transvaginal test were applied. P Ͻ 0.05 was considered as statistiultrasound and registered. In addition, after follicle cally significant. aspiration, the number of oocytes retrieved and the number of mature oocytes were counted under a dissecting microscope.
RESULTS
The overall results of the four age groups are given FF Collection and Assay for Intrafollicular in Table I . The number of oocytes retrieved from the Steroids youngest groups (group A) was significantly higher than those of groups B, C, and D [9.8 Ϯ 1.4 vs. After the oocytes and granulosa cell masses were retrieved, each sample of FF was centrifuged at 3000 5.3 Ϯ 1.6 (P Ͻ 0.02); 5.0 Ϯ 0.8 (P Ͻ 0.01); and 4.1 Ϯ 0.9 (P Ͻ 0.01), respectively (mean Ϯ SEM)]. rpm for 10 min and stored at Ϫ20ЊC until the assay for estradiol (E 2 ), progesterone (P), and free testosterSimilarly, the number of mature oocytes in group A was significantly higher than those of groups B, C, one (free T). The quantification of hormonal concentration was performed using commercially available and D [7.8 Ϯ 1.1 vs. 4.1 Ϯ 1.4 (P Ͻ 0.05); 4.1 Ϯ 0.9 (P Ͻ 0.02); and 3.1 Ϯ 0.7 (P Ͻ 0.01), respectively]. to demonstrate that reproductive aging in the human female is due exclusively to a reduction in oocyte The number of apoptotic cells per 1000 granulosa cells in group A was significantly lower than those of groups quality, rather than uterine aging. Another study indicated that the oocytes of older mice might already be C and D (3.5 Ϯ 0.6 vs. 6.1 Ϯ 0.4 and 6.4 Ϯ 0.5, respectively, P Ͻ 0.01).
of poor quality for fertilization at the time of ovulation, whereas the oocyte quality of young mice was good at There was a correlationship between the incidence of apoptotic cells in granulosa cells and women's age.
ovulation (22) . Nakahara et al. (17) recently concluded that the incidence of apoptotic granulosa cells of There also was a progressive increase in the incidence of apoptotic cells with age (Fig. 1) . In addition, the women who underwent an IVF program can estimate the quality of oocytes and also can predict the prognoendometrium in the youngest group was thicker than that of the oldest group (group A vs. group D; sis of oocytes of individual follicles. They also suggested that a poor prognosis for IVF might be P ϭ 0.06), but this difference was not significant. The maximal follicle diameter, the day of follicle aspiraassociated with a higher incidence of apoptotic cells on a per patient basis and that ovarian function on a tion, and the steroid levels in follicular fluid did not show any significant difference or trend among the per patient basis in an IVF program could be evaluated using this incidence. We found a significantly higher four groups.
incidence of apoptotic cells in mural granulosa cells in women Ͼ40 years than in younger women. This result may mean a poor prognosis in the IVF treatment DISCUSSION of aged patients. However, Nakahara et al. (16) could not find the difference in the incidence of apoptotic Age-dependent decrease in human female fertility cells among the different age groups. This may be begins by the late 30s and by the late 40s fertility is because the patients in his study included endometriovirtually lost. Fertility of women decreases with age sis patients. The endometriosis patients reveal the not only in a natural cycle but also in assisted reproduchigher incidence of apoptotic granulosa cells than nortive procedure cycles. Attempts to elucidate the factors mal women (16, 29) . This factor may affect the inciresponsible for the detrimental effect of aging on dence of apoptosis in younger group; but the patients female fertility historically have pointed toward either in this study were in an IVF program due to male poor oocyte quality (ovarian aging) (19) (20) (21) (22) or infertility factor in their husbands' histories and their impaired uterine receptivity (uterine aging) (25-28).
ovaries were intact. Thus, the age effects on the inciNavot et al. (19) suggested that poor oocyte quality dence of apoptotic granulosa cells was directly rather than implantation failure was the leading cause revealed without any effect of ovarian lesions. of the age-related decline in female fertility. They
In our study, the number of oocytes retrieved from showed a high pregnancy rate in older women who older women was significantly lower than that in received oocytes of younger ones. This would seem younger women. This result generally agrees with Nakahara and co-workers' (16) finding that the patients who had higher numbers of oocytes retrieved had a lower incidence of apoptosis in granulosa cells compared to the patients with lower numbers of oocytes retrieved. Steinkampf (30) mentioned that ovulation induction was most likely to fail in older women due to the diminishing pool of ovarian follicles available for development. In addition, Fujino et al. (22) also have shown that age has a profound influence on the number of oocytes harvested in mice stimulated by gonadotropin.
We also measured FF steroids (E 2 , P, and free T) 
